Introduction {#S0001}
============

Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer-related death in men and women worldwide.[@CIT0001] Owing to population aging and improved standards of living, the global incidence of CRC has increased annually.[@CIT0002] In the United States, an estimated 140,250 cases of CRC were diagnosed in 2018, and 50,630 patients died of the disease.[@CIT0003] Studies have shown that several genetic factors are involved in CRC development, including changes in chromosomal copy number, aberrant gene methylation, and dysregulated gene expression.[@CIT0004] However, the potential molecular mechanisms contributing to CRC development and progression are still far from being fully understood.[@CIT0005] Non-metastatic colon cancer is generally treated by surgical colectomy combined with chemotherapy.[@CIT0006] With the development of new technologies for CRC treatment, the prognosis of patients who are diagnosed at early stages has improved.[@CIT0007] However, many CRC patients are diagnosed at advanced stages owing to the lack of incipient symptoms and limitations of timely screening methods, which greatly contribute to the poor prognosis of CRC.[@CIT0008] According to the statistics, the 5-year survival rates for patients with early-stage, localized disease (stages I and II) approach 90%, whereas the survival rate for those diagnosed with late-stage CRC, which is associated with distant metastasis, is 13.1%.[@CIT0009] Therefore, it is necessary to gain a deeper understanding of the molecular mechanisms involved in CRC progression as well as identify new diagnostic and prognostic biomarkers.

Circular RNAs (circRNAs) are a newly discovered class of endogenous non-coding RNAs.[@CIT0010] They were initially regarded as the results of mis-splicing or as byproducts of pre-mRNA processing at low abundance.[@CIT0011] Owing to the development of high-throughput sequencing, investigators have identified thousands of circRNAs in viruses, fungi, plants, and animals.[@CIT0012] CircRNAs are conserved, stable, and highly abundant and display species-, tissue-, and developmental stage-specific expression.[@CIT0013],[@CIT0014] In contrast to linear RNAs, circRNAs have a covalently closed continuous loop structure without 5′ caps or 3′ polyadenylated tails, and they are not sensitive to digestion by RNases; thus, circRNAs are more conserved and stable than linear RNAs.[@CIT0015],[@CIT0016] Based on their mechanism of formation, circRNAs can be divided into three categories, namely exonic circRNAs (EcircRNAs), intronic circRNAs (CiRNAs), and exon-intron circRNAs (EIciRNAs).[@CIT0017] Some functions of these circRNAs have been revealed: EcircRNAs, which encompass the majority of circRNAs, are predominantly cytoplasmic and may serve as microRNA (miRNA) sponges to enhance the expression levels of miRNA target genes.[@CIT0018] Intron-containing circRNAs, including CiRNAs and EIciRNAs, are abundant in the nucleus and may regulate the expression of their host genes.[@CIT0019] For example, ci-ankrd52 promotes the transcription of its host gene (*ANKRD52*) by modulating the elongation activity of Pol II.[@CIT0020] In addition, a few circRNAs were reported to have the potential to be translated into proteins. CircFBXW7, produced from the F-box and WD repeat domain containing 7 (*FB*XW7) gene, inhibited the proliferation and cell cycle acceleration of gliomas by translation into a functional protein named FVXW7-185aa.[@CIT0021] Moreover, circRNAs can function as competing endogenous RNAs (ceRNAs) by regulating cancer-related signaling pathways, such as the epidermal growth factor receptor (EGFR)/signal transducer and activator of transcription 3 (STAT3),[@CIT0022] phosphatidylinositol 3 kinase (PI3K)/protein kinase B (AKT),[@CIT0023] and Wnt/β-catenin pathways.[@CIT0024] Taken together, these findings indicate that circRNAs have great potential for use in regulation of biological processes and disease progression.

Evidence has indicated that circRNAs are involved in various physiological and pathological processes of tumor cells, including proliferation, apoptosis, invasion, and migration.[@CIT0025] For instance, circAGFG1 may act as a miRNA sponge of miR-195-5p to relieve the repressive effect of miR-195-5p on its target gene, cyclin E1 (*CCNE1*), thus promoting the proliferation, mobility, and invasion of triple-negative breast cancer cells in vivo.[@CIT0026] CircPVT1 serves as a ceRNA of miR-497 and indirectly regulates Bcl-2 expression in non-small cell lung cancer cells, thereby promoting the progression of non-small cell lung cancer.[@CIT0027] Importantly, circRNAs are stably expressed in saliva, blood, and exosomes, which makes them promising biomarkers for the diagnosis, prognosis, and therapeutic assessment of cancer patients.[@CIT0028] Using circRNA microarray analysis, Li et al identified 343 circRNAs that were differentially expressed in the plasma of gastric cancer patients versus healthy controls. Reverse transcription-droplet digital PCR (RT-ddPCR) was used to confirm that two of these circRNAs, hsa_circ_0001017 and hsa_circ_0061276, were downregulated in the plasma of gastric cancer patients compared with that in healthy controls, and these circRNA levels were significantly associated with tumor size, TNM stage, distal metastasis, and overall survival (OS).[@CIT0029] Further, Li et al revealed that circRNAs were more enriched in exosomes than in the producer cells, including liver, colon, lung, stomach, breast, and cervical cancer cell lines. In addition, they found that serum circRNAs contained in exosomes may distinguish patients with colon cancer from healthy controls, which illustrates their potential as circulating biomarkers for cancer diagnosis.[@CIT0030] However, the potential mechanisms and biological functions of most circRNAs in CRC have remained unclear and have therefore been a focus of investigation. In this review, we summarize the recent studies focused on human circRNAs involved in CRC and present an overview of the potential clinical implications of circRNAs in CRC.

Expression of circRNAs in CRC {#S0002}
=============================

With the development of high-throughput sequencing, extensive research has shown that circRNAs are differentially expressed in many cancers, including CRC. Utilizing circRNA chips, Chen et al identified 10,245 differentially expressed circRNAs in CRC tissues versus adjacent non-tumor tissues, including 6,264 upregulated and 3,981 downregulated circRNAs.[@CIT0031] By differential gene expression analysis of normal colon mucosa and CRC tissues, Bachmayr-Heyda et al revealed 39 significantly differentially expressed circRNAs; 11 were upregulated, and 28 were downregulated in CRC tissues versus adjacent non-tumor tissues.[@CIT0032] Similarly, Zhang et al discovered 23 differentially expressed circRNAs in CRC tissues.[@CIT0033] In addition, Yan et al screened the circRNA expression profiles in CRC and adjacent normal tissues using circRNA microarray analyses. Their results showed that 265 circRNAs were differentially expressed, among which 99 were upregulated and 166 were downregulated in CRC tissues. Based on their relationship with protein-coding genes, the dysregulated circRNAs were classified into five categories: 75.85% were exonic, 11.32% were intronic, 7.92% were overlapping, 1.51% were intergenic, and 3.4% were antisense.[@CIT0034] By comparing three isogenic CRC cell lines with different *KRAS* mutation states, including DLD-1, DKO-1, and DKs-8, Dou et al found that circRNAs were significantly downregulated at a global level in the *KRAS*-mutated cells compared with that in *KRAS*-wild-type cells, indicating that circRNAs are involved in *KRAS* mutations and may be potential biomarkers for KRAS-mutated CRC.[@CIT0035] Jiang et al examined the circRNAs in three cell lines, including primary CRC cells (SW480), metastatic CRC cells (SW620), and normal human colon mucosal epithelial cells (NCM460). They identified 2,919 differentially expressed circRNAs in CRC cells when compared with NCM460 cells. In addition, they revealed 623 differentially expressed circRNAs between SW480 and SW620 cells, thereby suggesting that these circRNAs are involved in CRC development and metastasis.[@CIT0036]

circRNAs regulate the proliferation and progression of CRC {#S0003}
==========================================================

Accumulating evidence has indicated that circRNAs function as either oncogenes or tumor suppressors by regulating the proliferation, invasion, migration, and apoptosis of CRC cells. Various mechanisms, such as miRNA sponging, peptide translation, and cancer-related signaling pathway regulation, are involved in these functions. Of these, miRNA sponging is the main mechanism of circRNAs observed in CRC cells. The functions and mechanisms of dysregulated circRNAs in CRC are shown in [Table 1](#T0001){ref-type="table"}. Table 1CircRNAs regulate the proliferation and progression of colorectal cancerCircRNAAliasGene symbolDysregulationmiRNA spongeTarget gene/pathwayFunctionReferencecircACAP2hsa_circ_0007331ACAP2UpmiR-21-5pTiam1Proliferation(+); migration(+); invasion(+)37hsa_circ_0071589--FAT1UpmiR-600EZH2Proliferation(+); migration(+); invasion(+)39hsa_circ_0007534--DDX42Up----Proliferation(+); apoptosis(−)44hsa_circ_001569hsa_circ_0000677ABCC1UpmiR-145E2F5; BAG4; FMNL2;Proliferation(+); invasion(+)45hsa_circ_000984hsa_circ_0001724CDK6UpmiR-106bCDK6Proliferation(+); migration(+); invasion(+)50hsa_circ_0020397--DOCK1upmiR-138TERT PD-L1proliferation(+); invasion(+); apoptosis(−)51circBANP--BANPUp--p-AktProliferation(+)59hsa_circ_0055625--DUSP2UpmiR-106b-5pITGB8Proliferation(+); migration(+); invasion(+);61hsa_circ_0000069--STILUp----Proliferation(+); migration(+); invasion(+);62circITCHhsa_circ_0001141; hsa_circ_001763ITCHDown--Wnt/β-catenin signaling pathwayProliferation(−)24hsa_circ_0000523hsa_circ \_006229METTL3DownmiR-31Dkk1Proliferation(−); apoptosis(+)65has_circ_103809has_circ_0072088ZFRDownmiR-532-3PFOXO4Proliferation(−); migration(−)67circDDX17hsa_circ_0002211DDX17Down----Proliferation(−); migration(−); invasion(−);\
apoptosis(+)68

CircRNAs act as oncogenes in CRC {#S0003-S2001}
--------------------------------

### CircACAP2 {#S0003-S2001-S3001}

CircACAP2, also known as hsa_circ_0007331, was reported to be significantly upregulated in CRC tissues and colon cancer SW480 cells compared with that in normal controls. Knockdown of circACAP2 inhibited the proliferation, migration, and invasion of SW480 cells. Furthermore, circACAP2 silencing promoted the expression of miR-21-5p, which in turn inhibited the expression of T lymphoma invasion and metastasis protein 1 (Tiam1) at the mRNA and protein level, demonstrating that circACAP2 regulates Tiam1 in CRC by sponging miR-21-5p.[@CIT0037]

### Hsa_circ_0071589 {#S0003-S2001-S3002}

Hsa_circ_0071589, which is located on chr4:187517693--187518946, has a length of 743 bp, and is produced from the FAT atypical cadherin 1 (*FAT1*) gene,[@CIT0038] was found to be signiﬁcantly overexpressed in CRC tissues compared with that in normal colon tissues. In CRC cells, blockage of hsa_circ_0071589 inhibited tumor growth, invasion, and migration. Through bioinformatics analysis, luciferase reporter assay, and RNA immunoprecipitation (RIP) assay, hsa_circ_0071589 was shown to function as a sponge of miR-600, and enhancer of zeste 2 polycomb repressive complex 2 subunit (*EZH2*) was identified as a target gene of miR-600.[@CIT0039] These results suggest that hsa_circ_0071589 promotes carcinogenesis via the miR-600/*EZH2* axis in CRC.

### Hsa_circ_0007534 {#S0003-S2001-S3003}

Hsa_circ_0007534 is an exon-derived circRNA that originates from the protein-coding gene DEAD-box helicase 42 (*DDX42*).[@CIT0038] It was found to be upregulated in a variety of cancers, including glioma,[@CIT0040] osteosarcoma,[@CIT0041] breast cancer,[@CIT0042] non-small cell lung cancer,[@CIT0043] and CRC.[@CIT0044] Li et al found that hsa_circ_0007534 promoted glioma cell proliferation and migration via upregulating Zic family member 5 (*ZIC5*) expression by sponging miR-761.[@CIT0040] In addition, Li et al found that hsa_circ_0007534 promoted growth and restrained apoptosis in osteosarcoma cells by affecting the AKT/GSK-3β signaling pathway.[@CIT0041] Song et al found that knockdown of hsa_circ_0007534 significantly suppressed progression in breast cancer cells by reducing miR-593, which promoted mucin 19 (MUC19) production.[@CIT0042] Zhang et al detected hsa_circ_0007534 levels in cancer tissues and adjacent non-tumorous tissues from 33 CRC patients and demonstrated that expression of hsa_circ_0007534 was significantly upregulated in the CRC tissues. Moreover, hsa_circ_0007534 expression was correlated with tumor stage and lymph node metastasis. Furthermore, silencing of hsa_circ_0007534 by siRNA significantly inhibited proliferation and induced apoptosis of CRC cells.[@CIT0044] However, the functional mechanisms of hsa_circ_0007534 in CRC require further investigation.

### Hsa_circ_001569 {#S0003-S2001-S3004}

Hsa_circ_001569 is produced from the ATP binding cassette subfamily C member 1 (*ABCC1*) gene.[@CIT0038] Xie et al found that hsa_circ_001569 was upregulated in CRC tissues, and its expression level was positively correlated with TNM stage and poor differentiation.[@CIT0045] MiR-145, as a tumor suppressor, was found to inhibit cell proliferation and invasion in several cancers, such as non-small cell lung cancer,[@CIT0046] intrahepatic cholangiocarcinoma,[@CIT0047] and colon cancer.[@CIT0048] Hsa-circ_001569 was demonstrated to promote proliferation and invasion by directly inhibiting miR-145 transcription and subsequently affecting the functions of the miR-145 targets, E2F transcription factor 5 (*E2F5*), BCL2 associated athanogene 4 (*BAG4*), and formin like 2 (*FMNL2*), in CRC cells.[@CIT0045]

### Hsa_circ_000984 {#S0003-S2001-S3005}

Hsa_circ_000984 is 725 bp and generated from the cyclin-dependent kinase 6 (*CDK6*) gene.[@CIT0038] CDK6 is a key factor in cell cycle regulation and is essential for passage into the G1 phase.[@CIT0049] A study by Xu et al revealed that hsa_circ_000984 is markedly overexpressed in CRC patients and CRC cell lines. Further analysis revealed that hsa_circ_000984 knockdown inhibited CRC cell proliferation, migration, and invasion in vitro and tumor formation in vivo. Mechanistically, hsa_circ_000984 was found to act as a ceRNA by binding miR-106b and effectively upregulating the expression of *CDK6*, which is a target of miR-106b.[@CIT0050]

### Hsa_circ_0020397 {#S0003-S2001-S3006}

Hsa_circ_0020397 is an exon-derived circRNA that originates from the protein-coding gene dedicator of cytokinesis 1 (*DOCK1*).[@CIT0038] Compared with that in normal colonic epithelial cells, hsa_circ_0020397 was significantly overexpressed in CRC cells.[@CIT0051] MiR-138, a well-known tumor suppressor that is downregulated in a variety of cancers,[@CIT0051]--[@CIT0053] was confirmed to be a target of hsa_circ_0020397 by dual-luciferase reporter assay.[@CIT0051] Functional studies revealed that hsa_circ_0020397 regulated the viability and apoptosis of CRC cells by promoting the expression of the miR-138 targets telomerase reverse transcriptase (*TERT*) and programmed death-ligand 1 (PD-L1).[@CIT0051] Tumor immune escape is an important strategy for tumor survival, and immunotherapy has been a cancer research hotspot in recent years. The interaction between PD-L1 and programmed death-1 (PD-1) is an important component of tumor immune escape; this interaction can inhibit the activation of T lymphocytes and enhance the immune tolerance of tumor cells, thereby achieving tumor immune escape.[@CIT0054] In addition to regulating the expression of PD-L1, accumulating evidence suggests that circRNAs play various roles in the modulation of antitumor immune responses. By decreasing miR-17-5p, Circ-Amotl1 increased the expression and facilitated the nuclear translocation of signal transducer and activator of transcription (Stat3),[@CIT0055] which is crucial for suppression of antitumor immunity in the tumor microenvironment.[@CIT0056] Moreover, the complex of circFoxo3 and MDM2 induces p53 degradation.[@CIT0057] In tumor stromal cells, p53 plays a key role in tumor development by inducing an increase in inducible nitric oxide synthase expression and modulating immune response.[@CIT0058] Based on these data, circRNAs can be considered novel targets in cancer immunotherapy. However, the underlying mechanisms of circRNAs in cancer remain largely unknown, warranting further research.

### CircBANP {#S0003-S2001-S3007}

CircBANP, generated from exons 5--11 of BTG3 associated nuclear protein (*BANP*), was originally identified as a significantly overexpressed circRNA in CRC tissues by microarray, which was later verified by qRT-PCR. Knockdown of circBANP with siRNA repressed the proliferation of CRC cells and reduced the phosphorylation of Akt, suggesting that the Akt pathway is involved in circBANP-induced cell proliferation.[@CIT0059] Recently, upregulated expression of circBANP was also observed in lung cancer.[@CIT0060] In contrast to its function of Akt pathway regulation in CRC, circBANP was found to promote lung cancer growth, migration, and invasion by regulating the miR-503/La ribonucleoprotein domain family member 1 (*LARP1*) axis.[@CIT0060]

### Hsa_circ_0055625 {#S0003-S2001-S3008}

Using microarray analysis, Zhang et al identified 198 upregulated and 136 downregulated circRNAs in colon cancer tissues. Among the top 10 upregulated circRNAs, hsa_circ_0055625 was confirmed to be significantly upregulated in colon cancer tissues by qRT-PCR. Moreover, the expression of hsa_circ_0055625 was found to be associated with pathological TNM stage and metastasis, indicating that hsa_circ_0055625 is a potential oncogenic biomarker of colon cancer. Further in vitro studies revealed that hsa_circ_0055625 regulated CRC cell proliferation and metastasis via the miR-106/integrin subunit beta 8 (*ITGB8*) axis.[@CIT0061]

### Hsa_circ_0000069 {#S0003-S2001-S3009}

The expression of hsa_circ_0000069 was upregulated in 30 CRC tissues compared with that in paired noncancerous tissues. Expression of hsa_circ_0000069 was positively correlated with age and TNM stage. Functionally, hsa_circ_0000069 knockdown using siRNAs inhibited cell proliferation, migration, and invasion and induced G0/G1 phase arrest.[@CIT0062]

circRNAs act as tumor suppressors in CRC {#S0003-S2002}
----------------------------------------

### circITCH {#S0003-S2002-S3001}

As a well-known circRNA, circITCH has been reported to act as a sponge of oncogenic miR-7, miR-17, and miR-214 to enhance itchy E3 ubiquitin protein ligase (*ITCH*) expression in lung cancer[@CIT0063] and esophageal squamous cell carcinoma.[@CIT0064] Huang et al detected circITCH levels in cancer tissues and adjacent non-tumorous tissues in 45 CRC patients and demonstrated that the expression of circITCH was significantly downregulated in the CRC tissues. Their follow-up experiments showed that, by sponging miR-7 and miR-20a, circITCH increased the level of ITCH, which is involved in inhibition of the Wnt/β-catenin pathway.[@CIT0024]

### Hsa_circ_0000523 {#S0003-S2002-S3002}

Hsa_circ_0000523 was reported to be downregulated in 12 CRC cell lines, including DLD-1, HCT-15, HT-29, and SW480. Interference of hsa_circ_0000523 induced the proliferation and suppressed apoptosis of CRC cells by upregulating miR-31, which exerted its tumor-promoting effects by downregulating dickkopf WNT signaling pathway inhibitor 1 (*Dkk1*), an antagonist of Wnt signaling.[@CIT0065] These results suggest that low levels of hsa_circ_0000523 lead to activation of the Wnt/β-catenin signaling pathway, subsequently inducing CRC progression.

### Hsa_circ_103809 {#S0003-S2002-S3003}

Hsa_circ_103809, also known as circZFR, has been shown to be overexpressed in lung cancer tissues, and knockdown thereof with siRNA repressed the proliferation of lung cancer cells and delayed tumor growth in vivo.[@CIT0066] However, hsa_circ_103809 plays an opposite role in CRC, in which its expression is downregulated in both tissues and cells. Functionally, downregulation of hsa_circ_103809 was shown to promote the proliferation and migration of CRC cells by regulating the miR-532-3P/forkhead box O4 (*FOXO4*) axis.[@CIT0067]

### circDDX17 {#S0003-S2002-S3004}

Via RNA sequencing, Li et al identified 448 differentially expressed circRNAs in CRC, including 394 significantly upregulated and 54 significantly downregulated circRNAs. Using qRT-PCR, circDDX17 was confirmed to be significantly downregulated in 60 CRC tissues compared with that in paired normal tissues. In vitro experiments revealed that silencing of circDDX17 promoted CRC cell proliferation, invasion, and migration and inhibited apoptosis.[@CIT0068]

circRNAs may serve as potential diagnostic and prognostic biomarkers for CRC {#S0004}
============================================================================

Because circRNAs are easier to extract and detect compared with proteins,[@CIT0069] they are ideal biomarkers for cancer diagnosis and prognosis. Based on their expression in CRC, we classified circRNAs as biomarkers that are upregulated or downregulated in CRC ([Table 2](#T0002){ref-type="table"}). Table 2CircRNAs represent potential diagnostic and prognostic biomarkers for colorectal cancerCircRNAAliasGene symbolDysregulationmiRNA spongeTarget gene/pathwayBiomarkerReferenceciRS-7CDR1as; hsa_circ_0001946CDR1UpmiR-7EGFR/RAF1/MAPK pathwayPrognostic biomarker76, 77circHIPK3hsa_circ_0000284HIPK3UpmiR-7FAK; IGF1R; EGFR; YY1Prognostic biomarker85circRNA_100290--SLC30A7UpmiR-516bFZD4Prognostic biomarker87circCCDC66has_circ_0001313CCDC66Up----Diagnostic biomarker;\
prognostic biomarker88hsa_circ_0136666--PRKDCUpmiR‐136SH2B1Prognostic biomarker89hsa_circ_0001649--SHPRHDown----Diagnostic biomarker96circITGA7hsa_circ_0026782ITGA7DownmiR-370-3pNF1Diagnostic biomarker97hsa_circ_0000711--NFATC3Down----Diagnostic biomarker;\
prognostic biomarker98hsa_circ_0014717--CCNB1Down--p16Prognostic biomarker99hsa_circ_0000567--SETD3Down----Diagnostic biomarker100hsa_circ_001988hsa_circ_0001451FBXW7Down----Diagnostic biomarker101hsa_circ_0026344--ACVRL1DownmiR-21;\
miR-31--Prognostic biomarker102hsa_circ_0003906----Down----Diagnostic biomarker103hsa_circ_104700--PTK2Down----Diagnostic biomarker104

Upregulated circRNAs in CRC {#S0004-S2001}
---------------------------

### CiRS-7 {#S0004-S2001-S3001}

CiRS-7, also known as CDR1as or hsa_circ_0001946, is the most well-known circRNA. CiRS-7 acts as an oncogenic circRNA to promote the progression of some cancers, such as gastric cancer,[@CIT0023] non-small cell lung cancer,[@CIT0070],[@CIT0071] esophageal squamous cell carcinoma,[@CIT0072],[@CIT0073] laryngeal cancer,[@CIT0074] and hepatocellular carcinoma,[@CIT0075] by functioning as a miR-7 sponge. This was also confirmed in CRC, in which CiRS-7 promoted the proliferation and migration of CRC cells by regulating the EGFR/RAF1/mitogen-activated protein kinase (MAPK) pathway through inhibition of miR-7. Importantly, Kaplan--Meier analysis indicated that patients with high expression of CiRS-7 had signiﬁcantly shorter OS than patients with low CiRS-7 expression did,[@CIT0076],[@CIT0077] implying that CiRS-7 is a promising prognostic biomarker in CRC patients and may serve as a therapeutic target for reducing EGFR/RAF1/MAPK activity in CRC patients.

### CircHIPK3 {#S0004-S2001-S3002}

CircHIPK3 is derived from exon 2 of homeodomain interacting protein kinase 3 (*HIPK3*).[@CIT0038] Recent studies have shown that circHIPK3 suppresses cancer cell proliferation and metastasis by sponging miR-182 and miR-558 in osteosarcoma[@CIT0078] and bladder cancer.[@CIT0079] However, its oncogenic role has been demonstrated in other cancers, such as hepatocellular carcinoma,[@CIT0080] ovarian cancer,[@CIT0081] glioma,[@CIT0082] nasopharyngeal carcinoma,[@CIT0083] lung cancer,[@CIT0084] and CRC.[@CIT0085] Zeng et al found that circHIPK3 was upregulated in CRC, and patients with high circHIPK3 expression had poorer OS than those with low circHIPK3 expression. Functionally, circHIPK3 can inhibit miR-7 activity, thereby leading to increased focal adhesion kinase (*FAK*), insulin-like growth factor 1 receptor (*IGF1R), EGFR*, and yin yang 1 (*YY1*) expression. In addition, luciferase reporter assays showed that the transcription factor c-Myb is an upstream regulator of circHIPK3 expression.[@CIT0085] These results suggest that circHIPK3 is a promising prognostic biomarker in CRC.

### Circrna_100290 {#S0004-S2001-S3003}

CircRNA_100290 was initially identified as a ceRNA that regulates *CDK6* expression by sponging miR-29b in ovarian cancer.[@CIT0086] Subsequently, Fang et al reported that circRNA_100290 promoted the progression of CRC by regulating the expression of miR-516b and frizzled class receptor 4 (FZD4)-mediated activation of Wnt/β-catenin signaling. Furthermore, the expression of circRNA_100290 was positively correlated with tumor metastasis and inversely correlated with prognosis.[@CIT0087]

### CircCCDC66 {#S0004-S2001-S3004}

CircCCDC66 is upregulated in all stages of colon cancer, and patients with higher levels of circCCDC66 have lower OS. Furthermore, the area under the receiver operating characteristic curve (AUC) calculated using the expression levels of circCCDC66 was 0.88, indicating that circCCDC66 is a promising predictive biomarker for CRC diagnosis and prognosis.[@CIT0088]

### Hsa_circ_0136666 {#S0004-S2001-S3005}

Hsa_circ_0136666 is generated from the protein kinase, DNA-activated, catalytic subunit (*PRKDC*) gene, located on chr8:48715866--48730122.[@CIT0038] Hsa_circ_0136666 is overexpressed in CRC, and high expression levels were associated with poor OS of patients with CRC. Functional analysis with specifically designed siRNAs revealed that hsa_circ_0136666 regulates the proliferation and migration of CRC cells by sponging miR-136, thereby modulating the expression of SH2B adaptor protein 1 (*SH2B1*).[@CIT0089]

Downregulated circRNAs in CRC {#S0004-S2002}
-----------------------------

### Hsa_circ_0001649 {#S0004-S2002-S3001}

Hsa_circ_0001649 is produced from Snf2 histone linker PHD RING helicase (*SHPRH*), which serves as a tumor suppressor gene and a negative regulator of the Wnt/β-catenin signaling pathway.[@CIT0090] Hsa_circ_0001649 is reportedly downregulated in several types of cancers, including cholangiocarcinoma,[@CIT0091] gastric cancer,[@CIT0092] glioma,[@CIT0093],[@CIT0094] and hepatocellular carcinoma.[@CIT0095] Furthermore, hsa_circ_0001649 might serve as an independent prognostic factor for patients with glioma[@CIT0094] and hepatocellular carcinoma.[@CIT0095] Unlike circRNAs that serve as ceRNAs or miRNA sponges, hsa_circ_0001649 can produce a functional protein, named SHPRH-146aa, because it contains an open reading frame (ORF) driven by an internal ribosome entry site (IRES).[@CIT0093] Zhang et al found that hsa_circ_0001649 inhibited the proliferation and tumorigenicity of gliomas via SHPRH-146aa, which protected full-length SHPRH from degradation by ubiquitin-mediated proteolysis.[@CIT0093] In CRC, hsa_circ_0001649 was reported to be downregulated compared with the levels in non-tumorous tissues. The AUC of hsa_circ_0001649 was 0.857, suggesting that it could be used as a diagnostic biomarker in CRC.[@CIT0096] However, the functional mechanism of hsa_circ_0001649 in CRC requires further investigation.

### CircITGA7 {#S0004-S2002-S3002}

CircITGA7 is generated from exon 4 of integrin subunit alpha 7 (*ITGA7*) by back-splicing. Li et al found that circITGA7 was significantly downregulated in 91.38% of the CRC tissues (67/69) compared with expression in adjacent non-tumor tissues; the expression levels were inversely correlated with tumor size, lymph metastasis, distant metastasis, and TNM stage. The AUC of circITGA7 was 0.8791, with a sensitivity of 0.9275 and a specificity of 0.6667, indicating that circITGA7 has high diagnostic value for CRC. Functional studies revealed that circITGA7 binds to miR-370-3p and suppresses the Ras signaling pathway by upregulating neurofibromin 1 (NF1).[@CIT0097]

### Hsa_circ_0000711 {#S0004-S2002-S3003}

Hsa_circ_0000711, a transcriptional product of the nuclear factor of activated T cells 3 (*NFATC3*) gene, was found to be significantly downregulated in CRC tissues. In addition, the AUC of hsa_circ_0000711 was 0.81, with a sensitivity of 0.91 and a specificity of 0.58. Moreover, Kaplan--Meier analysis showed that low expression of hsa_circ_0000711 could serve as an independent biomarker associated with poor OS of CRC patients.[@CIT0098]

### Hsa_circ_0014717 {#S0004-S2002-S3004}

Derived from cyclin B1 (*CCNB1*), hsa_circ_0014717 was reported to be downregulated in gastric cancer[@CIT0013] and CRC.[@CIT0099] The decreased expression of hsa_circ_0014717 was notably associated with distant metastasis, TNM stage, and poor OS of CRC patients. Ectopic expression of hsa_circ_0014717 decreased the growth and invasion of CRC cells while inducing cell cycle G0/G1 phase arrest by upregulating p16 expression.[@CIT0099] Collectively, these results indicate that hsa_circ_0014717 has potential as a biomarker for the prognosis of CRC.

### Hsa_circ_0000567 {#S0004-S2002-S3005}

Hsa_circ_0000567, derived from exons 2--6 of SET domain-containing 3 (*SETD3*), was found to be significantly downregulated in CRC tissues compared with that in non-tumor tissues; this downregulation was closely correlated with tumor size, lymph metastasis, and distal metastasis in CRC. Importantly, the AUC of hsa_circ_0000567 was 0.87.[@CIT0100] These results indicate that hsa_circ_0000567 may represent a novel biomarker for the diagnosis of CRC and a novel target for treatment.

### Hsa_circ_001988 {#S0004-S2002-S3006}

Hsa_circ_001988, derived from *FBXW7*, was originally identified as a significantly downregulated circRNA in CRC by microarray, which was later verified by qRT-PCR. Among the assessed clinicopathological parameters, there was a significant association between the expression of hsa_circ_001988 and both differentiation and perineural invasion. Furthermore, the AUC of hsa_circ_001988 was 0.788, which indicates that hsa_circ_001988 could serve as a diagnostic biomarker.[@CIT0101]

### Hsa_circ_0026344 {#S0004-S2002-S3007}

In a study of CRC tissues from 32 patients, hsa_circ_0026344 was shown to be significantly downregulated compared with the levels in paired adjacent non-tumorous tissues. The expression of hsa_circ_0026344 was correlated with tumor size and lymph metastasis as well as poor OS. Functionally, hsa_circ_0014717 overexpression significantly suppressed CRC cell proliferation and colony formation as well as promoted apoptosis by regulating miR-21 and miR-31 levels.[@CIT0102]

### Hsa_circ_0003906 {#S0004-S2002-S3008}

The expression of hsa_circ_0003906 was examined in 122 matched CRC tissues and normal colon mucosa tissues. Compared with the levels in normal samples, hsa_circ_0003906 was significantly downregulated in the CRC samples. The results also demonstrated a significant correlation between the expression level of hsa_circ_0003906 and lymphatic metastasis and poor differentiation. In addition, the AUC of hsa_circ_0003906 for CRC was 0.818.[@CIT0103] Therefore, hsa_circ_0003906 may prove to be a useful diagnostic marker for patients with CRC.

### Hsa_circ_104700 {#S0004-S2002-S3009}

Based on circRNA arrays, Zhang et al identified 201 differentially expressed circRNAs, including 76 that were upregulated and 125 that were downregulated. Among them, hsa_circ_104700 was demonstrated to be downregulated in CRC tissues versus normal tissues. The expression of hsa_circ_104700 was significantly correlated with distal metastasis, and the AUC of hsa_circ_104700 was 0.616.[@CIT0104] These findings indicate that hsa_circ_104700 may serve as a biomarker for the diagnosis of CRC.

circRNAs in predicting distant metastasis {#S0005}
=========================================

Zeng et al examined differentially expressed circRNAs in CRC tissues between patients with and without lung metastasis through microarray assays. A total of 431 circRNAs, including 192 upregulated and 239 downregulated circRNAs, were found to be differentially expressed in CRC tissues with lung metastasis compared with those without lung metastasis,[@CIT0105] revealing novel diagnostic biomarkers for CRC patients with lung metastasis. Xu et al detected circRNA expression in CRC tissues from three patients with and without liver metastasis through secondary sequencing. Ninety-two upregulated and 21 downregulated circRNAs were identified in CRC tissues with liver metastasis. Two of the circRNAs, hsa_circ_0001178 and hsa_circ_0000826, were found to be upregulated in 16 CRC tissues with liver metastasis compared with that in 24 CRC tissues without liver metastasis by qRT-PCR. The AUC was 0.945 for hsa_circ_0001178 and 0.816 for hsa_circ_0000826.[@CIT0106] These results indicate the potential diagnostic value of the two circRNAs for CRC patients with liver metastasis. [Figure 1](#F0001){ref-type="fig"} summarizes the circRNAs involved in metastasis regulation.Figure 1CircRNAs that can be used to predict distant metastasis and response to chemoradiotherapy. CircRNA, circular RNA;↑, upregulated;↓, downregulated.

circRNAs in predicting response to chemoradiotherapy {#S0006}
====================================================

Researchers have found that the expression of circRNAs affects the sensitivity of tumors to chemotherapy and radiotherapy. For example, hsa_circRNA_0001313, also known as circCCDC66, has been reported to be upregulated in CRC tissues.[@CIT0088] Another study by Wang et al revealed that hsa_circRNA_0001313 was signiﬁcantly upregulated in radioresistant CRC tissues compared with that in radiosensitive tissues. Knockdown of hsa_circRNA_0001313 reduced cell viability and colony formation and increased caspase-3 activity by negatively regulating miR-338-3p levels in CRC cells, thus inducing radiosensitivity.[@CIT0107] These results indicate that circ_0001313 is a potential biomarker of radiation resistance and a promising therapeutic target to overcome radiotherapy resistance in CRC. Using circRNA microarray analysis, Xiong et al identified 71 differentially expressed circRNAs between 5-fluorouracil (5FU)-based chemoradiation-resistant CRC cells and parental control cells. The upregulation of three of these circRNAs, hsa_circ_0007031, hsa_circ_0000504, and hsa_circ_0007006, was further confirmed in chemoradiation-resistant CRC cells by qRT-PCR, indicating their potential for prediction and prevention of chemoradiation resistance in CRC.[@CIT0108] [Figure 1](#F0001){ref-type="fig"} summarizes the circRNAs that can be used to predict response to chemoradiotherapy.

Conclusions and perspectives {#S0007}
============================

CircRNAs appear to be stably expressed in a tissue-specific manner and dysregulated in different cancers, including CRC. To date, numerous circRNAs have been found to be involved in various physiological and pathological processes in CRC, including proliferation, apoptosis, invasion, and migration. In addition to their most common function as miRNA sponges, some other functions, such as protein translation, transcriptional regulation, and cancer-associated signaling pathway regulation, have been revealed. Recently, the clinical applications of circRNAs in CRC have been explored by many investigators. As summarized in this review, a large number of circRNAs have been demonstrated as promising biomarkers for diagnosis and prognosis and predicting distant metastasis and response to chemoradiotherapy. Furthermore, synthetic circRNAs have been engineered for therapeutic purposes. An artificial circRNA was synthesized by Chang et al, and subsequent transfection into mammalian cells stimulated innate immunity gene expression and conferred protection against Venezuelan equine encephalitis viral infection.[@CIT0109] Accordingly, the transfection of synthetic circRNAs that produce specific therapeutic proteins into cancer cells is another research focus. The Anderson group has recently shown that artificial circular RNAs provide up to a threefold increase in the half-life of proteins and potent expression thereof in vitro, as compared with linear mRNA.[@CIT0110] Thus, we believe that synthetic circRNAs may be used for the treatment of CRC in the near future.

Nonetheless, circRNA research is still in its infancy, and multiple problems need to be resolved. First, a common problem is the lack of a unified standard for naming circRNAs. Second, circBase, which contains the most comprehensive information about circRNAs, still does not include many new circRNAs. Third, most researchers screen circRNA expression profiles using microarrays or RNA sequencing of a limited number of CRC tissues and adjacent normal tissues; therefore, errors in the results due to small sample size are likely. Importantly, we believe that the mechanism of circRNA participation in CRC development is complicated, and to date, limited functions have been identified. Therefore, more circRNAs await investigation, and their functions, mechanisms of action, and clinical applications require further elucidation.
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